The future of work is a major source of uncertainty, especially in sub Saharan Africa (SSA), where climate change and artificial intelligence are changing the nature of agricultural employment, and where youth population is rising steadily. At the same time, SSA has the world's lowest rates of electricity access, presenting a barrier to economic productivity and gainful employment. According to the global tracking framework, decentralized renewable energy (DRE) technologies are fast becoming a popular vehicle for rapid delivery of electricity access, yet reports suggest the sector's expansion is hindered by a labor and skills gap. Thus, there is an opportunity for the growth of decentralized renewables to help tackle both universal energy access (SDG 7) alongside expansion of decent work opportunities (SDG 8). However, little data exists to date to support policy interventions. Our research explores the employment potential of the DRE sector by conducting the first comprehensive DRE sector jobs survey in SSA. We collect a year's worth of employment data from DRE companies in Kenya and Nigeria, two of the continent's most prominent DRE markets.
Importantly, in addition to direct jobs, there are clear signs that access to electricity is also creating productive use jobs within the communities gaining that access. Agriculture, the sector which still dominates the SSA economy, is likely best poised to benefit from the potential of clean energy access to mitigate climate change, unlock productivity, and thereby boost near-term economic growth and local job creation. Energy access (United Nations Sustainable Development Goal 7, also SDG 7), food security (SDG 2), and livelihoods (SDG 8) are inherently connected [20] . However, the impact of increased deployment of renewable technologies, and decentralized renewables in particular, has received little attention in the literature.
National decision makers and their donors in SSA and other energypoor regions have a unique opportunity to invest in the necessary resources to train the needed entrepreneurial, technical, financial, and managerial talent to deliver universal energy access while creating thousands of jobs. Otherwise, the lack of a skilled energy access workforce in emerging markets may hinder the achievement of government electrification targets, slow down the growth of more resilient energy infrastructure, and limit the potential of the energy sector to unlock major employment benefits. Yet very little data exists to support targeted policy for SSA. While some data does exist on job creation for utility scale renewable energy technologies in SSA, very few studies have explored the more nascent wave of decentralized technologies. There are few studies to date that provide an accurate job count for the DRE sector, and there is little quantitative data on the specific skills gaps that hinder sectoral growth. As such this paper contributes to the literature by specifically exploring the employment footprint of DRE technologies in SSA. J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001 Table 1 . Key electrification and workforce metrics for Kenya and Nigeria.
Key Electrification or Workforce Metric Kenya Nigeria
National electrification goals 100% by 2022 [21] 90% by 2030 [22] 2018 official national electrification rate, including on-and off-grid connections 75% [21] 55% [23] 2017 Global Tracking Framework (GTF) national electrification rate [7] 64% 54% 2017 GTF national rural electrification rate [7] 58% 23%
2018 market penetration of solar lantern and SHS [14] 51% 4% 2018 labor force participation rate (persons actively engaged in or looking for work as percentage of total working-age population) [5] 66.3% 55.2% 2018 women's labor force participation rate (women actively engaged in or looking for work as percentage of total working-age women population) [5] 63.6% 50.6%
2018 youth labor force participation rate (youth actively engaged in or looking for work as percentage of total working-age youth population) [5] 35.7% 23.2%
2018 unemployment rate (unemployed persons as percentage of total population actively engaged in or looking for work) [5] 9.3% 6% 2018 youth unemployment rate (unemployed youth as percentage of total working-age youth actively engaged in or looking for work) [5] 18.5% 19.7%
2018 women's unemployment rate (unemployed women as a percentage of total working-age women actively engaged in or looking for work) [5] 9.2% 6.4%
Employment by sector in 2018 [5] Service: 35% Industry: 8%
Agriculture: 57%
Service: 52% Industry: 12%
Agriculture: 36%
Literature Review: Past Studies on DRE Employment
To date there is little academic literature available on the relationship between energy access and job creation in SSA. One of the earliest attempts that explore renewable energy employment in SSA by Rutovitz et al. in 2009 projected that renewable energy could provide 453,000-755,000 jobs by 2030 in SSA, and a boost in domestic renewable technologies manufacturing capacity from 50% to 100% in 2030 could add an additional 86,000 jobs [24] . Later, in 2013, IRENA established an annual review series of renewable energy jobs, and found that while renewable energy has high job creation potential, employment created in SSA is very scarce [25] . In fact, in 2016, IRENA reported that of the 8.1 million renewable energy jobs created in 2015, only 45,000 were in SSA (0.6%), and 28,000 of those jobs were in South Africa [26] . The solar sector, however, has since boomed in the region, directly employing about 140,000 in 2018 [27] . In fact, Greenpeace now projects that under a 1.5-degree-celsius scenario, renewable energy (excluding biomass) could provide 4.5 million jobs in Africa by 2030 [28] .
However, the employment potential of DRE technologies specifically is only now emerging as a discussion in the literature, especially given the recent international focus on addressing the challenges of rural J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001
Journal of Sustainability Research 6 of 38 electrification. DRE technologies are widely acknowledged as key to rural energy access, given their ease and speed of deployment, and their distributed nature. Early evidence in Bangladesh showed a linkage between job creation and SHS deployment [29] , finding that the deployment of 1.2 million SHS for rural electrification created as many as 60,000 jobs [29] . In 2012, IRENA projected that 4 million jobs are needed to support DRE market potential by 2030 [18] . A later IRENA report revised the estimate to 4.5 million [25] .
A majority of these studies, however, rely on recursive reference to a small set of employment factors applicable to limited geographical contexts. Cameron and Zwaan, in a study conducted in 2013, analyzed renewable energy employment factors from 70 publications, and found that only 31 yielded original results. Of the studies that were analyzed, none had a focus on SSA, except for two studies in South Africa. Thus, there is a clear need for improved data reporting and wider geographical spread of primary data on the employment impacts of renewables [30] .
In 2014, Mills conducted one of the first studies on DRE jobs focused in SSA, exploring solar lanterns and their job displacement impact on kerosene lamps. Eight major companies disclosed employment information on their operations in Ethiopia, Haiti, India, Kenya, Malawi, Tanzania and Zambia, and their job displacement impact on kerosene lamps in Malawi and Kenya [28] . The results yielded that 38 jobs are created to serve 10,000 solar lantern users. Globally, 150,000 jobs were created to serve 44 million solar lanterns user [31] .
Following Mills' study, Global Off-Grid Lighting Association (GOGLA) surveyed 40 off-grid solar companies, including those in the SHS sector.
The study estimated that the off-grid solar sector can create 1.3 million jobs in East, West and Central Africa and South Asia by 2022, of which 567,000 are in SSA [32] . In a more recent job brief, GOGLA estimated that of the 1.3 million jobs, 510,000 are medium and high skilled, while 800,000 are low skilled [33] . With reference to mini-grids, the Energy and Environment Partnership Africa survey of its mini-grid portfolio in 2018 found that 36 direct jobs were created per mini-grid, though not specifying the breakdown between short-and long-term jobs [34] . 
METHODS

Research Scope and Data Collection Methods
The goal of this exercise is to establish a baseline for understanding employment opportunities generated by the DRE sector. The survey was conducted in Kenya and Nigeria. Kenya's DRE market is one of the most mature in SSA and has the highest product penetration of solar lanterns and SHS in the world, with more than 50% market penetration [14] .
Nigeria has the largest potential DRE market in SSA, complete with the most ambitious mini-grid program, but conversely has a young DRE market, with very low, but rapidly expanding market penetration [14] .
Exploring these two countries thus provide unique insights into the job and skill trends of DRE markets of different sizes and stages of growth, thus serving as an instructive starting point. The survey explores direct employment in the DRE sector, both formally and informally for these countries. We also discuss estimates of job creation stimulated through electricity access from DRE technologies, termed productive use jobs.
Indirect and induced jobs are outside the survey scope. See Table 1 for a summary of each country's electrification and employment status.
The survey covers the breadth of DRE technologies, including small pico-solar products of less than 10 W that power a few bulbs and a phone charging station, SHS of roughly up to 200 W that power basic appliances such as TVs and refrigerators, standalone or grid-tied C&I systems that range from a few hundred watts (W) to multiple kilowatts (kW), and minigrid systems that can be a few kW up to 10 megawatts (MW).
Off-grid productive use applications, such as solar irrigation, cooling and refrigeration, and agro-processing are gaining in popularity and have large projected potential market estimates [36] , though actual commercial market penetration to date has been limited, except for solar water pumps. 
Employment terms Definitions
Employment factor An employment factor measures the number of jobs created per unit of produced product or service. For instance, direct employment factors are calculated based on the number of total direct, formal jobs and number of products sold or systems built, in sales unit or capacity terms. 
Informal sector According to the International Labor Organization (ILO), the informal sector comprises all work for unincorporated enterprises and for which no complete accounts are available that would permit a financial separation of the production activities of the enterprise from other activities of its owner(s). Informal jobs can even be extended to include non-remunerative work of contributing family members, and thus can be difficult to bound definitively [40] .
Direct, informal jobs Those informal jobs that are created through contractual or non-contractual engagement with an incorporated company in the DRE sector. Informal employment in the sector takes on various forms-from long-term arrangements with companies (e.g., product retail) to commission-based sales activities. For example, a home business owner who works as a village sales representative for a SHS company [40] .
Induced jobs
Induced jobs are those created through forward linkages as workers in the DRE sector spend salaries on goods and services throughout the larger economy. For example, during the construction of a mini-grid plant, induced jobs are created for food vendors and water fetchers at the construction site. Induced jobs are estimated using "job multipliers". However, this study does not explore the macroeconomic effects of spending on the economy and further job creation thereof. Induced jobs are excluded from the analysis and this report [25] .
Productive use jobs Productive use jobs are those created by the DRE end users themselves as a result of newlyacquired or enhanced electricity access. For the purpose of this study, productive use is defined as any income-generating application of a DRE product or service [41] . For example, the new jobs created by the purchase of a solar milling plant. Productive use jobs are estimated through insights from focus groups and literature, as most surveyed respondents did not readily have data on jobs created by their product or service offers at the customer level.
Retention
Retention is the total period of time that an employee continues to work with an organization [42] .
Senior managers
For the purpose of this study, senior managers include the top executive management of a company, such as the CEO, CFO, and COO.
Skilled workers
Skilled workers are those who hold leadership, management, professional, technical, or associate professional positions. Their responsibilities typically involve the performance of complex technical and practical tasks that require an extensive body of factual, technical, and procedural knowledge in a specialized field, as defined by the International Standard Classification of Occupation (ISCO-08) Skill Level [43] . Workers in Skill Level 3 or above are considered skilled workers. While there is a qualification and skills framework developed by the East African Community, there is little substantial difference between these frameworks [44] . Our study adopts the ILO framework to allow for consistency and comparability with results from other SSA countries.
Youth
Youth are defined as persons between the ages of 15 to 24 [45] .
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Practitioner Groupings and Description of Sample Set
A total of 103 organizations completed the survey: 52 in Kenya and 51
in Nigeria (see Table 2 ). This jobs sample is the largest and most Likewise, employees tend to cover a broad spectrum of functions even within a single company.
As such, survey respondents are broadly categorized into five practitioner groupings according to their business model and the market segments they serve based on their predominantly advertised market service or product offering. There is overlap between some of these groupings and while this does not greatly affect total employment estimates, results cannot be generalized. The practitioner groupings are defined as follows:
1. End-user product providers, which sell pico-solar appliances, SHS, solar water pumps, and/or other DRE products to end users. This group of companies get their main revenue from product sales, and interface directly with DRE end users.
2. Project developers and installers, whose revenue mainly comes from the development and implementation of projects instead of products. In the survey sample, companies are fairly represented across the different company types, though in both countries more responses were received from project developers and installers. More specifically, among the 52 respondents in Kenya, 14 were end-user product providers, 28 were project developers and installers, 3 were strictly mini-grid operators, 3
were manufacturing and upstream supply chain companies, and 4 were sector providers. In our Nigeria sample of 51 companies, 9 were end-user product providers, 24 were project developers and installers, 7 were minigrid operators, 6 were manufacturing and upstream supply chain companies, and 5 were sector service providers. During focus group discussion, we confirmed with experts that the samples were reflective of the market.
Among the 103 survey respondents, there are outlier companies which employ significantly more workers than other companies, especially in Kenya. We describe the impact of these large employers, and where possible, we also describe the differences between local and foreign companies. While a large number of survey respondents from Kenya were foreign companies, only a few were in Nigeria. Finally, while we attempted to capture the sector's local, indirect job footprint, only few manufacturing and upstream supply chain companies and sector service providers responded to the survey. As such, we cannot accurately estimate or project indirect jobs at the national level. We report on the sample's findings for these two groupings where possible.
Market Estimates and Key Assumptions
The direct formal, direct informal and productive use employment estimates are based on employment factors from the survey and market estimates from the literature. Kenya and Nigeria together account for 10% of global off-grid market potential, and the larger East Africa and West
Africa markets together attracts 63% of global investments in the off-grid solar sector [14] . Here we describe key market estimates used for scaling job impacts.
For the smaller pico-solar appliances and the SHS market, GOGLA reports this market to be mature in Kenya, with a penetration rate of more than 50%, though still nascent in Nigeria. This is largely due to the strong mobile money ecosystems in Eastern Africa, providing easier entry for pay-as-you-go sales. In terms of current sales performance, 916,000 and 216,000 pico-solar appliances and SHS were sold in Kenya and Nigeria respectively in 2017 [46, 47] .
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The outlook for the two pico-appliance and SHS markets are also very different. Kenya, a more mature market with a significant existing customer base, will see a growth in demand for SHS as customers upgrade to higher-tier use of electricity. Nigeria, on the other hand, is expecting a faster pace of growth, due to its recent favorable policy for off-grid solar [14] . Such trend can already be observed over the last few years. Between 2014 and 2016, the Kenya off-grid solar sector had an average annual sales growth rate of 11% while Nigeria averaged 35% [14] . There is also less competition in Nigeria currently, as compared to Kenya, where there are more than 20 major companies already in the market, so growth is anticipated to be very fast in Nigeria, as has already been observed over the past years [14] .
Current and future market estimates for C&I and mini-grid systems are much less certain. Currently, there are likely around 65 mini-grid systems in Kenya and 30 in Nigeria, and about 15 MW and 10 MW of newly-added C&I system capacity in 2017 for Kenya and Nigeria respectively [48] [49] [50] .
Though the mini-grid market is still becoming established, it has high job creation potential as it continues to receive support from governments and multi-lateral development partners. In Kenya, for instance, the World Bank funded the expansion of 147 mini-grids in low-access counties to be completed by 2024 [51] ; while the Nigeria Electrification Project, also World Bank funded, aims to provide electricity to 30,000 households and 30,000 micro-, small-and medium enterprises (MSMEs), through solarhybrid mini-grids [52] .
Overall, the global mini-grid market is expected to power half a billion people by 2030 [13] . Yet, despite the international support that mini-grids receive, the sector continues to face a number of challenges, including high costs, low consumers ability to pay, the rapid expansion of grid, etc.
As such, many experts predict mini-grid growth will be much slower than policy and programs suggest, lending great uncertainty to market estimates.
Finally, standalone off-grid applications such as irrigation, and productive use applications, such as cooling and refrigeration and agro- 
RESULTS
Employment Footprint
This study found that the DRE sector has a major impact across the direct formal and informal job markets. In 2017-2018, the DRE sector accounted for 10,000 direct, formal FTE jobs in Kenya, and 4000 in Nigeria.
The DRE sector also relies heavily on informal work, employing almost twice as many people in the informal sector: 15,000 informal jobs in Kenya, and 9000 in Nigeria (see Table 5 ). 
Direct, Formal Jobs
In 2017-2018, the DRE sector provided 10,000 direct, formal jobs in Kenya and 4000 jobs in Nigeria (see Table 5 ). This is equivalent to the total number of jobs within the traditional power sector in Kenya, and the electricity, gas, steam, and air conditioning sector in Nigeria [56] [57] [58] . In Kenya, total national formal employment in 2018 was about 18 million [5] .
Kenya Power and Lighting Company (KPLC) had about 11,000 personnel in 2018 [57] . So the DRE sector, having provided 10,000 jobs in 2017-2018, is already comparable to the jobs created by the distribution and retail segment of the utility-scale power sector. The Kenyan DRE sector was dominated by pico-solar appliance and SHS companies. In fact, 78% of formal Kenyan jobs were in the pico-solar appliances and SHS sector, followed by another 18% in the C&I sector, and 4% from mini-grids and solar water pumps.
In Nigeria, a total of 55.5 million people were employed in 2017 [5] , among which the electricity, gas, steam, and air conditioning supply sector employs about 10,000 people [58] , thus putting the DRE sector employment on the same order of magnitude as the utility-scale power sector. This is despite the fact that the DRE market is still nascent in Nigeria, despite a large and unmet appetite for power lead by Nigeria's MSMEs. This is due, in part, to the country's current economic crisis and high import duties on batteries [6, 59] . In Nigeria, project developers and installers are the primary job engines for the DRE sector. The DRE market in Nigeria is dominated by C&I projects that serve urban, peri-urban, and rural consumers from grid-tied backup solar systems or standalone electricity supplies. The survey estimates that in 2017-2018, the Nigeria DRE sector provided 4000 jobs directly, with 71% of the direct DRE jobs provided by the C&I sector, followed by 26% in the pico-solar appliances and SHS sector, and 3% by the mini-grid sector.
Our estimates group align with the latest regional estimates, though these are few. GOGLA, for instance, estimates that the pico-solar appliance J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001
and SHS sector has provided about 77,000 FTE jobs along the value chain in East Africa in 2018, and 26,000 in West Africa [32] . Following GOGLA's study, IRENA reported that PV jobs in Africa, including on-grid and off-grid applications, employ about 140,000 in 2019 [27] . Greenpeace also estimated that total PV jobs in Africa is about 66,000 in 2015 and projected to be 108,000 by 2020 [28] .
Direct, Informal Jobs
The informal sector is an important driver for emerging economies like 
Engagement Metric Kenya Nigeria
Formal, full-time retention 33 months 36 months
Informal job retention 10 months 12 months
Level of engagement Full-time 68%
Part-time 10%
Contract 22%
Full-time 65%
Part-time 10%
Contract 16%
The survey also shows the level of engagement and retention across each company type (see Table 6 ). DRE end-user product providers and mini-grid operators provide more full-time employment than other company types. These two company types are not only employing the most full-time staff, but among employees, their retention time is also the highest. On average, their employees stay with companies for more than three years, as compared to two years for project developers and installers, manufacturing and upstream supply chain companies, and other service providers. Thus, among its direct, formal employees the DRE sector provides long-term jobs. In terms of level of compensation, wages for direct, formal employment from the DRE sector largely fall within the middle-income range for their respective countries, positioning the sector as a strong employment opportunity for job seekers (see Table 7 ). Furthermore, compared to the average gender wage gap of 14.6% in low-income countries [64] , the DRE sector may have greater parity in its compensation policies. In Nigeria, wages among men and women in the DRE sector appear to be on par with one another, a deviation from the national trend. In a recent report by AfDB, Nigerian non-youth women's median wage was found to be 45% lower than the median wage of non-youth men [65] .
Levels of Compensation
In terms of monthly earnings, the survey data does not provide a full picture of an informal worker's total monthly income across various income streams. Skill Level 3 or above [43] , which is the equivalent of East Africa Community Qualification Framework's Level 5 or above [44] . In Kenya, 66% of the DRE jobs are skilled, compared to 70% in Nigeria. By comparison, the global utility-scale solar sector's workforce is less than 50% skilled [66] . This may point to another potential benefit of employment in the DRE sector: the opportunity for skilled workforce engagement.
Job Types and Job Function Breakdown
The type of skills being recruited in each country and sector is different.
For instance, in Kenya more than a third of the DRE workforce is engaged in sales and distribution, given the mature pico-solar appliance and SHS market. On the other hand, the Nigeria workforce has only 8% of its direct, formal employees dedicated to sales and distribution. This could be due to the nascency of the market in Nigeria [14] , or possibly due to the fact that the market is not distinctly segmented between rural and urban customers
given 22%. While the Greenpeace result roughly corresponds to our findings, it appears the DRE sector is more dependent on a large sales workforce, especially where the pico-solar appliance and SHS market is more mature.
As will be discussed in a later section, the transferability of most skills between DRE and the utility-scale sector makes competition for talents a challenge for retaining employees.
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Youth and Women's Participation
Youth and women's participation in the workforce are critical for emerging economies. Across SSA, there are high rates of working poverty, vulnerable employment and underemployment for youth, and even more so for rural youth or those with little education [65] . Likewise, across SSA women are more likely than men to be unemployed [5] . In addition to high unemployment rates, women and youth, when employed, are disproportionately engaged in the informal sector with less security.
About 75% of employed women do so through informal employment, as compared to 61% for men; about 80% of employed youth are in the informal sector, as compared to 66% for the total working-age population [65] .
The survey found that women's participation in the DRE sector is low for both countries (see Table 8 ). Women make up less than 30% of the workforce: 23% in Kenya and 27% in Nigeria. This is lower than women's participation in the renewable energy industry in general-IRENA reported in 2019 that women represented an average of 32% of the global renewable energy workforce [67] , and in 2017 found that gender discrimination in renewable energy is less pronounced than in the energy sector at large [56] .
The survey data showed that women represented 25% of the senior managerial positions in Kenya in 2018, and 26% in Nigeria (see Table 8 ). 
Participation Metric Kenya Nigeria
Percentage of women employees 23% 27%
Percentage of managers that are women 25% 26%
Percentage of women informal workers 35% 42%
Percentage of youth employees 41% 28%
Workforce Profiles
Despite the broader employment impact numbers, there are important nuances that can be understood by disaggregating jobs according to company type. For instance, some company types offer longer-term jobs than others, require different skill sets, and have different levels of participation among women and youth. In this section we build a workforce profile for each company type to highlight key characteristics (see Figures 2 through 7) .
End-user product providers, including pico-solar appliances and SHS, have a low market penetration rate in Nigeria 4% in 2017, and a much higher penetration of 51% in Kenya. That said, in both countries, the workforce profile is similar (see Figures 2 and 3) . A large share of direct, formal jobs created by these companies are skilled activities, like sales and distribution or product servicing, as compared to the global renewable energy industry, where less than half of its workers are skilled [25] . These As our response numbers for manufacturing, upstream supply and service providers were low we do not produce workforce profiles for these indirect company types.
Recruitment Challenges and Training Needs
The characterizations above help unearth the nature of employment in the DRE sector and its potential to provide highly skilled, diverse, and wellpaid jobs. However, local workforce readiness is crucial to unlock this potential and is thus also crucial to achieving universal energy access. The survey results and our focus groups suggest that DRE companies struggle to recruit the necessary talent, and that strategic policy on training youth and easing recruitment challenge could support a stronger DRE workforce.
In this section we explore recruitment challenges and key skills gaps of the sector.
Firstly, according to the survey, it is more difficult to recruit youth and women than older men. The main challenge that DRE companies face when recruiting women is a limited talent pool. In all country focus groups, it was noted that the lack of women's participation in the DRE sector was J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001
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Moreover, representatives from training institutes in both Kenya and
Nigeria explained that often, even when women are directly targeted during recruitment, the number of applications received is still low.
Furthermore, from the survey responses, youth employment in the DRE sector is less than 50% in both countries. Companies surveyed in Nigeria said lower youth engagement resulted from a limited talent pool, lack of experience, and poor work ethic, noting that it is more difficult to find qualified youth than older candidates. In Kenya, youth had higher salary expectations and face the challenge of a lack of established recruitment channels for youth. These findings shed light on the necessity of creating more accessible training and education avenues for young people and the need for more established recruitment pipelines to bring youth into the DRE workforce.
Interestingly, the survey findings also point to a demand that is often For most DRE companies, technical talent is recruited from across many training institutes with different curricula, teaching standards, and levels of accreditation. Indeed, participants in both focus groups expressed concern over the quality of training, the lack of monitoring and evaluation metrics for such training programs, and the inability to transfer accreditation across countries or regions, both complicating and limiting the recruitment process. Thus, there is a need for better certification processes and, perhaps, for a collective industry-wide training curriculum.
Another identified gap in recruitment is industry knowledge of available training services. Many companies are not aware of the training resources available for their staff or even where to source trained technicians. These insights have important implications for workforce development policy and the tailoring of interventions to the DRE sector's needs. We explore the implications of these findings in the Discussion.
Employment Projections and Productive Use
This data shows that the DRE sector, though very nascent, does support direct employment in SSA. Skilled labor will be needed to scale the sector, and thus even greater employment opportunity may arise in the nearterm future, especially given that 23% of emerging economies with low energy access have now established official DRE targets [71] . We attempt a projection of future DRE workforce by applying the study employment factors to available market forecasts and planned policies (see Table 9 ).
This simple exercise suggests that by 2022-2023 employment from the DRE sector could more than double. The DRE sector could provide more than 17,000 and 52,000 direct, formal jobs in Kenya and Nigeria respectively.
The DRE sector could also provide more than 30,000 in direct, informal jobs in Kenya, and 24,000 in Nigeria. This snapshot provides a general indication of employment potential but cannot be generalized given the data and analysis limitations. See supplementary materials for market assumptions used.
Moreover, future employment from productive use jobs is likely to be even greater than that of direct employment. Though included in the survey instrument, data from DRE companies on the types of jobs being created by rural customers through access to electricity was poor. As such, we were unable to generate productive use employment factors, or project productive use employment in the future. But as an anecdotal point of reference, if we explore the few employment factors available in the literature, productive use jobs stimulated by access to electricity may employ more than five times as many people as direct, formal jobs. In fact, the scale of productive use job impact in 2017-2018 is estimated at 65,000 jobs in Kenya and 15,000 in Nigeria (see Table 9 and see Supplementary
Materials for more information on employment factors and market estimates used). This basic calculation aligns with expert opinion from the J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001
Journal of Sustainability Research 28 of 38 focus groups and the literature, which suggest that the number of jobs created through access to electricity from DRE may be orders of magnitude larger than the direct employment of the sector itself [72] [73] [74] . Among the different DRE productive use applications, solar water pumping for irrigation has a particularly high employment impact documented in the literature. According to the Food and Agriculture Organization (FAO), solar irrigation can increase the number of harvests and area of crop coverage, therefore requiring more labor [53, 75] . Due to limited data however, we could not estimate the productive use jobs from solar water pumping. Future exploration into productive use employment and skills needs is critical, especially as rural unemployment is such a timely challenge in SSA. 
DISCUSSION
Key Insights
In this section we explore key insights from the survey data, focus groups, and literature. This is the first study to explore direct employment from the DRE sector in SSA. These initial findings suggest that while the DRE sector is nascent and just beginning to scale, it has already grown a workforce equivalent to the traditional utility-scale power sector.
Importantly, the survey shows this to be largely skilled, full-time and longterm employment. Furthermore, early indicators suggest that as markets grow, significant pools of skilled labor will be required.
Pico-solar appliance and SHS companies currently drive employment in the DRE sector, though employment from mini-grids may grow, given the ambitious mini-grid targets that many SSA countries have set. Because Finally, the survey findings suggest that in addition to direct, formal employment, the DRE sector may employ twice as many workers through informal jobs and five times as many through productive use jobs-though these are difficult job sectors to accurately assess. This is critical as informal work is the largest source of employment for SSA. Not only is the scale of informal and productive use jobs important, but also the fact that they are predominantly rural in nature, given the geography of DRE Finally, the sector's massive footprint in the informal sector presents an opportunity to encourage the formalization of labor to align with local and international decent work standards, compensation standards, and social protections. Not only do informal workers have less stability and lower wages, but they are often more exposed to macroeconomic risks. For example, sales agents are strongly affected by even short-term, seasonal fluctuations in electricity demand. Helping to secure and formalize the livelihoods of informal workers would allow the sector to better support local economies. This is particularly important as women account for a majority of informal jobs. Industry associations can play a key role in aligning the sector around such standards. Developing pathways to certify skilled, but uncertified, technicians is one way to help formalize rural employment opportunities, but there are many other ways the DRE sector itself, government, and investors, can collaborate around formalization of the workforce.
Limitations of the Study
Finally, we address key study limitations that impact the analysis. 
CONCLUSIONS
Delivering energy access to millions of people and businesses worldwide through DRE technologies will require employing substantial numbers of people. This study is the first of its kind, offering a bottom-up job survey for the DRE sector in two key SSA markets. Early estimates show that while the potential for direct jobs is large, the potential for informal and productive use jobs may be far larger. However, more consistent and standardized data collection is needed by the sector.
The current size of the DRE workforce is already comparable to the utility-scale energy sector in Kenya, and the electricity, gas, and steam sector in Nigeria. As the DRE sector expands the workforce may grow larger. The DRE sector is thus a potential solution to two of the biggest challenges in emerging economies: access to clean energy (SDG 7) and job creation (SDG 8). Given that the DRE sector creates long-term, skilled, middle-income jobs, it is strategic policy to invest resources to solve training and recruitment challenges, to strengthen the DRE workforce.
Future work will involve reiterating the survey in Kenya and Nigeria as well as expanding to other SSA countries to gather insight into their J Sustain Res. 2020;2(1):e200001. https://doi.org/10.20900/jsr20200001 patterns of hiring and employment, allowing us to better understand future market growth and job creation. We also intend to implement a broader set of survey tools that will allow more extensive research into productive use jobs. Additionally, we aim to explore indirect jobs from upstream sectors and job displacement from traditional energy sectors.
Such analysis will provide better insight into the job creation potential and workforce needs of specific value chain segments, including manufacturing and service sectors. Finally, we aim to conduct a more comprehensive analysis of youth and women's participation in the energy access workforce.
